Abstract The non-ossifying fibroma (NOF) is a benign, non-neoplastic lesion most commonly seen in the metaphyses of the long bones in children. While rare, the NOF has been reported in the mandible. The NOF in the extra-gnathic skeleton has a characteristic radiographic appearance, is typically asymptomatic and has a variable histologic make-up. Correlation of the radiographic appearance, clinical presentation and histopathology allows for differentiation of the NOF from odontogenic and nonodontogenic cysts and tumors. We report a new case of this interesting entity and review the radiographic, clinical and histologic features of the gnathic NOF reported in the literature. A thorough search of the English language literature returned a total of 19 cases of NOF involving the gnathic bones.
Introduction
The non-ossifying fibroma (NOF) was first recognized by Sontag and Pyle around 1941 [1] . The following year, Jaffe and Lichtenstein formally identified the lesion and termed it the ''non-osteogenic fibroma of bone'' [2] . The NOF is classified as a tumor-like lesion grouped according to the histologic classification of bone tumors by the World Health Organization (WHO) [3, 4] . A number of synonyms for the NOF have been used which are descriptive and reflect the natural evolution of the lesion. These names include histiocytic fibrous defect, metaphyseal fibrous defect, fibrous cortical defect [5] , fibrous xanthoma and histiocytic xanthogranuloma [6] .
Currently, the two most frequently used terms to describe these lesions are the ''fibrous cortical defect'' (FCD) and the ''non-ossifying fibroma'' (NOF) [7] . The FCD and the NOF are the most common benign lesions of the skeletal system [1, 8] , arising most frequently in the metaphyseal region of the distal femur, proximal and distal tibia and fibula in children and adolescents [9] . Radiographic studies in the orthopedic literature have shown that 33 % of otherwise normal children have one or more small fibrous cortical defects [1] . While the NOF occurs with relative frequency in the long bones, NOF of the mandible and other areas of the skeleton are rare [10, 11] . The first use of the term ''non-ossifying fibroma'' to describe a lesion of the mandible was made in 1979 [12] . We report a case of NOF discovered in the mandibular ramus of a 22-year-old female and review the radiographic, clinical and histologic features of this unusual entity in the jaws.
Case Report
A 22 year-old female was referred to the University of Florida Oral and Maxillofacial Surgery Department for evaluation of an asymptomatic lesion of the right mandibular ramus. Radiographic examination revealed a welldemarcated, expansile radiolucency with pronounced sclerotic borders. The lesion was unilocular with an anterior and superior striated border that was approaching a multilocular stage (Figs. 1a, 2) .
The lesion was removed under general anesthesia using a retromandibular incision by thorough curettage and peripheral ostectomy. Intraoperatively, touch preparations and frozen sections were prepared. On the touch prep, blood and macrophagocytic cells were seen while on the frozen section, fibrosis, chronic inflammation and macrophages were noted.
The dimensions of the gross specimen were 1.2 9 0.8 9 0.8 cm. The specimen was roughly conical, and was composed of beige and pink soft tissue with a yellow-beige cut surface (Fig. 3) . Microscopic examination of the formalin-fixed, paraffin-embedded specimens demonstrated a bone-infiltrating, spindle-celled lesion with a storiform pattern, islands of xanthoma cells and scarce multinucleated giant cells (Figs. 4, 5, 6 ). The spindle cells showed ovoid nuclei with scant eosinophilic cytoplasm (Fig. 7) . Clusters of xanthoma cells were observed throughout the lesion. Perivascular infiltration of small blood vessels by lymphocytes was seen in some areas of the lesion. No areas of necrosis, mitoses or atypical nuclei were noted. No hemosiderin pigment and no evidence of bone production were observed. Based upon the histopathologic appearance and correlation with the radiographic presentation, the diagnosis of NOF (involutionary phase) was achieved.
The patient was evaluated at 1 month, 6 months and 1 year following the surgery. At the 1 year follow-up (the most recent data available), the panoramic radiograph showed on-going bony consolidation in the area of the right mandibular ramus (Fig. 1b) . The patient continues to be asymptomatic.
Discussion
The main entity that is often included in the histologic differential diagnosis of NOF is the FCD. The FCD is a small, lytic, intracortical lesion found in children. It is typically eccentrically located and sharply outlined and represents an osteolytic defect with a thin shell of reactive bone. Generally, because of their small size, FCDs are asymptomatic and are likely to undergo spontaneous regression. Occasionally, the FCD will enlarge, become progressively more separated from the growth plate and extend into the medullary cavity [6] . While the NOF and the FCD refer to the same histopathological process, the NOF is distinguished from the FCD by its larger size ([3 cm) and extension from the cortex into the medullary cavity [2, 13] . While the majority of NOFs are asymptomatic, those that are particularly large may cause chronic pain and/or pathologic fracture in the long bones [14, 15] . Diagnosis of NOF in the long bones is based upon the characteristic radiographic and clinical appearance, typically the NOF appears as an asymptomatic multiloculated lesion often identified incidentally during radiographic evaluation indicated for another reason [1, 14, 15] . When arising in a large, tubular bone, the NOF is always eccentric and ovoid and often results in thinning and expansion of the overlying cortex. There is usually no periosteal reaction [16] and no overt violation of the cortex [10] . The lesions are often multilocular in appearance and the inner boundary of the lesion is demarcated by bony sclerosis [7, 13] . While the clinical and radiographic features are pathognomonic for the NOF in the long bones [13] , the rarity of this lesion in the mandible makes preoperative diagnosis unlikely. Therefore, correlation of the histopathologic features with the radiographic and clinical presentation is imperative.
There appears to be no consensus in the literature as to the use of the terms non-ossifying fibroma, fibrous cortical defect and metaphyseal fibrous defect when these lesions are found in the gnathic bones. While in the long bones, lesions greater than 3 cm are given the designation as NOFs, the same cannot be said of gnathic lesions. Some authors have dually designated the lesions as ''fibrous cortical defect (non-ossifying fibroma)'' or ''non-ossifying fibroma (metaphyseal fibrous defect)'' [5] .
Jaw lesions of the NOF may be asymptomatic [4, 10, [16] [17] [18] [19] [20] or may present with expansion [5, 12, 21, 22] . The radiographic appearance as a well-demarcated multilocular radiolucency with sclerotic borders in the current case and in the majority of other cases reported in the mandible [16, 18, 19, 21] is similar to the typical radiographic appearance in the long bones [7, 20] .
The age of presentation of the isolated gnathic NOF appears to differ from that of the long bones in that the gnathic NOF appears at an older average age at diagnosis. The average age at presentation of the 20 examined cases of NOF in the mandible was 19 years and 7 months. In the orthopedic literature, the overall incidence of non-ossifying fibromas in the long bones is 30-40 % of children over the age of 2 with the highest incidence between ages 4 and 8 years [23] .
In the reported cases of mandibular NOF, there appears to be a female predilection. In contrast, NOF of the long bones appears more commonly in males [7, 20] . Our review of the reported cases of NOF in the mandible demonstrated that 71 % of them occurred in females (male to female ratio of 1:2.3) [ Table 1 ].
The mandibular NOF appears to have a predilection for the posterior regions such as the condyle, ramus and angle. Fourteen of the 20 cases (70 %) reported the NOF in these areas. In the long bones, the NOF predominantly occurs in the metaphyses. Interestingly, the ramus and condylar regions of the mandible have been proposed as ''imagined'' metaphyses given that the posterior aspect of the condyle grows by appositional growth of bone [16] .
Bailey et al. [24] , in discussing the possible etiology of the NOF, speculated that there may be a relationship between the presence of a greater amount of red marrow in particular sites in the mandible, namely the condyle and angle, and the predilection of the NOF for these sites. The paucity of red marrow in the maxilla may explain the lack of reports of NOF in the maxilla.
While the definitive etiology of the NOF is unclear, it is considered to be a disturbance of growth or dystrophic calcification, rather than a tumor or neoplasm [10, 20] . The presence of the NOF outside tooth-bearing areas, however, excludes an odontogenic origin [5] .
There are reports of NOF in the long bones with clonal rearrangements in chromosomes 1, 3, 4, 11, and 14. The presence of clonal chromosomal changes may suggest genetic events associated with tumorigenesis in the reported NOFs. Further study is required to determine whether there are consistent karyotypic aberrations associated with the NOF [15] . To date, no studies have reported clonal rearrangements in NOF of the mandible. Histologically, the NOF consists of spindle-celled fibrous tissue in a storiform pattern with a variable number of multinucleated giant cells, hemosiderin pigment within fibroblasts, and lipid-laden histiocytes (xanthoma cells) [3, 4] . This histologic make-up is reflected in the gross appearance of the lesion: the cut surface of the gross specimen typically appears yellow, due to the lipid content, with a varied degree of brown speckling depending upon the amount of hemosiderin deposition [7, 20] . In addition, occasional lymphocytes and endothelial-lined blood vessels are present [17, 19, 20] . The background stroma is composed of reticulin fibers [13, 23] . Collagen formation is not typically prominent and small foci of osseous metaplasia are rare [7] .
Among NOFs, there can be considerable variation in the number of giant cells, histiocytes, or foam cells present as well as the amount of hemosiderin. In our case, there were scant giant cells and no detectable hemosiderin. In other cases of mandibular NOF, giant cells have been reported to be scattered throughout the lesion. [5, 10, 19, 24] . The foam or xanthoma cells are often a distinctive feature of the NOF and are thought to represent secondary, regressive changes rather than neoplasia [7, 16, 20, 26, 27] . These xanthoma cells are thought to represent a transformation of fibrocytes that may be seen in the later, involution phase of the lesion. Fibrous and xanthomatous forms of NOF may be distinguished histologically, although they may occur synchronously [16] .
Treatment of the FCD/NOF of the long bones, particularly in asymptomatic cases, is observation. These lesions are typically self-limiting and spontaneous resolution at skeletal maturity is usually seen, especially in the smaller lesions of the FCD [2, 24] . This spontaneous regression, usually starting at the end of adolescence, has been observed to occur over periods of 29-52 months [1] . Most NOFs also resolve spontaneously but usually take longer than FCDs owing to their larger size [28] . The regressive phase is observed radiographically as a ''fading out'' of the lesion: trabecular bone growth appears to occur from the periphery inward until the bone is reconstituted to a normal state [28, 29] .
The clinical behavior of cases of NOF in the mandible appears to be that of a benign lesion with no reports of recurrence; similar to that seen in the long bones. The rarity of reports in the literature of the NOF in the adult indicates that most of these lesions also undergo spontaneous regression with time [13] .
The apparent developmental nature of the NOF lends itself to conservative treatment. Most mandibular lesions are small and asymptomatic. All reported cases of NOF of the mandible have been successfully treated by curettage or resection with no reports of recurrence. Radiotherapy is not indicated [5, 16] . One case in the mandibular condyle reported by Hudson et al., was identified intraoperatively by frozen section (and later confirmed by routine microscopy) and was treated using endoscopic visualization and aggressive curettage without disruption of the condylar head followed by intracapsular matrix augmentation using freeze-dried collagen. Eighteen months post-operatively, bony consolidation and resolution of the lytic region of the condyle were observed [10] . While malignant transformation to an aggressive fibrosarcoma has been reported in one case of NOF occurring in the tibia [30] , the postoperative course is usually uneventful [4] .
Differential Diagnoses
The clinical and radiographic presentation of the nonossifying fibroma in the mandible may lend itself to multiple differential diagnoses but the lack of cortical violation, asymptomatology and distinct histologic appearance are characteristic of this lesion [10] .
Lesions with a similar clinical and radiographic presentation may include the ameloblastoma and odontogenic myxoma. The ameloblastoma may also present radiographically as a multicystic radiolucency, however, the septae seen in the classic ''soap bubble'' appearance tend to be coarser and the individual locules are typically larger than those seen in the NOF. The odontogenic myxoma can also have a multilocular appearance but the septae of the residual bone are often linear and arranged at right angles to one another [31] . Aneurysmal bone cysts and central giant cell granulomas (CGCG) may also present similarly but are distinguishable histologically.
Neurofibromatosis radiographically can mimic NOF if it presents with intramedullary cyst-like rarefaction or with cortical erosions without cortical breach. However, clinical features of neurofibromatosis often include skin nodules, palpable neurofibromas and a possible positive family history. In addition, histologic differences allow for distinguishing the two. [13] .
Histologically, when a prominent giant cell distribution is seen, the differential diagnoses may include a benign fibrous histiocytoma (BFH), a malignant fibrous histiocytoma (MFH) [undifferentiated pleomorphic sarcoma], a central giant cell granuloma (CGCG), and a brown tumor of hyperparathyroidism. The presence of other clinical, radiographic or histologic features allow for distinction.
The BFH of the bone is histologically indistinguishable from NOF and radiographically, both may show welldefined, sclerotic margins [6, 32] . The BFH, however, occurs with greater frequency in older patients (60 % are older than 20 years of age), is often symptomatic in the absence of complicating fractures and has the potential to recur [33] . Because of its tendency to recur after curettage, it is necessary to distinguish the BFH from the NOF [34] . This particular case was designated as a non-ossifying fibroma due to the patient's young age and asymptomatology.
The MFH typically appears in patients between the ages of 50 and 70 years of age and will usually present as a painless, enlarging mass of several months' duration. Imaging of the MFH will show a lytic process with destruction of the cortex. While there are a variety of histologic appearances, in general, all will show significant nuclear pleomorphism and mitotic activity.
The CGCG may be seen in patients from infancy to old age but is most common in those less than 30 years of age. It is typically asymptomatic and appears as a unilocular or multilocular radiolucency that often appears to straddle the midline of the mandible. The multinucleated giant cells in the CGCG appear to be scant to abundant either in discrete aggregates or diffusely distributed throughout the lesion in a background of vascular granulation tissue. Areas of erythrocyte extravasation and hemosiderin deposition are also seen. The appearance of the brown tumor of hyperparathyroidism is histopathologically identical to that of the CGCG, but may be differentiated based upon history and laboratory and/or clinical findings. In addition, the CGCG and brown tumor of hyperparathyroidism can usually be distinguished by the number of giant cells: rarely are they present in the same numbers in the NOF [20] .
Association with Jaffe-Campanacci Syndrome
Patients with Jaffe-Campanacci syndrome (disseminated multiple NOF in association with café-au-lait spots, mental retardation, hypogonadism, and congenital ocular or cardiac anomalies) often have mandibular lesions of NOF [5, 24, 35] . In a review by Blau, of the 8 patients with multiple NOFs and cafe-au-lait spots, five had a mandibular lesion, four were mentally retarded, one had precocious puberty, and two had a congenital ocular anomaly [13] .
Campanacci et al. [36] hypothesized that this syndrome may represent an atypical presentation of neurofibromatosis. The lesions of NOF in the long bones in this syndrome are reported to be more aggressive with a higher rate of associated pathologic fracture and resolution of the lesions at the completion of skeletal maturity [24] .
In conclusion, NOF of the mandible may present as a multilocular radiolucency. While the radiographic and clinical appearance of the NOF/FDC of the long bones is considered pathognomonic, these lesions are rare in the gnathic bones and may mimic other odontogenic or nonodontogenic cysts and tumors. While the histopathologic components of the NOF are variable, they are often quite characteristic and clinical and radiographic correlation is required to reach a definitive diagnosis.
